A new rapid monitoring method by means of high performance liquid 14 chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS) following the 15 heat-assisted extraction was developed for measurement of total inorganic arsenic species in rice 16 flour. As(III) and As(V) eluted at the same retention time and completely separated from 17 organoarsenic species by an isocratic elution program on a reversed phase column. Therefore, 18 • A new HPLC-ICP-MS method was developed for the rapid monitoring of inorganic As 32
Introduction 38
Knowledge of chemical species of elements present in biological and environmental 39 samples is important for an understanding of the toxicity, metabolism and transport properties of 40 the elements. [1] [2] Therefore, determination of specific chemical forms of elements 41 (speciation analysis) has become an increasingly active-research field in recent years. [3] 42 Arsenic (As) is found in various chemical species in environmental and food samples. In 43 general, naturally occurring organoarsenic compounds are considered to be of non-toxicity, but 44 inorganic arsenic in the form of arsenite (As(III)) or arsenate (As(V)) is a class I carcinogen. 45
The Codex Alimentarius Commission, which provides the guideline for allowable 46 concentrations of toxic elements and compounds in foodstuffs, approved a tolerance level of 47 inorganic arsenic as 0.2 mg kg -1 in polished rice in 2014. A tolerance level for inorganic 48 arsenic in unpolished rice is still under discussion but rice for baby and toddler food has an even 49 lower maximum limit for inorganic arsenic (0.1 mg kg -1 ).[4-6] Therefore, it is now apparent 50 that a rapid determination of total inorganic arsenic species present in rice flour is necessary for 51 monitoring test and/or surveillance. Extraction: 100 ºC for 2 h) and subsequent determination of As by HPLC-ICP-MS using a 59 reversed phase (ODS) column. [11] On the other hand, the US Food and Drug Administration 60 (FDA) recommends 0.28 M HNO 3 for arsenic extraction followed by IC-ICP-MS using an 61 anion-exchange column (IC) for the determination. [12] 62 An ODS column is well able to separate many arsenic species; it can separate the two 63 inorganic arsenic species, six methylated arsenic species and four arsenosugars within 10 to 15 64 minutes, however the peaks of As(III) and MMA tend to be very close each other. In a similar 65 way, the peaks of DMA and arsenobetaine (AsB) and those of trimethylarsine oxide (TMAO) 66 and tetramethylarsonium ion (TeMA) almost overlap one another. [13] [14] [15] When a large 67 number of measurements are carried out by using one column, the column packing is likely to 68 deteriorate and these pairs of peaks would not be separated eventually. In addition, a complex 69 component of eluent containing ion-pair reagents and organic contents can cause a problem at 70 the ICP-MS interface with long-term analysis. 71
Each of these techniques has their own advantages and disadvantages. Anionic arsenic 72 species can be separated by an IC column with a simple component eluent and the separation 73 4 gas flow rate 0.4 mL min -1 . The ICP-MS was usually operated using He as the collision cell 110 gas (3 mL min -1 ) to reduce some polyatomic molecular interferences. An HPLC was used for 111 separation of arsenic species. The exit of the HPLC column was directly connected to the 112 nebulizer of the ICP-MS with PEEK tubing (HPLC-ICP-MS). The typical operation 113 conditions and its performances are shown in Table S1 . 114
Fifteen types of columns were investigated in the experiment (Tables S2 and S3 ). Five 115 types of columns categorized in group I provided satisfactory performances for rapid 116 monitoring of inorganic arsenic compounds, but ten other types of columns categorized in group 117 II were unsuitable for the purpose. The columns of group I are as follows; A Shim-pack 118 VP-C8 C 8 column (hereafter referred to as the C 8 : particle size of the filler 5 μm, ID 4.6 mm x 119 250 mm, end-capped type, Shimadzu Co., Kyoto, Japan), a CAPCELL PAK C 18 MG column 120 (hereafter referred to as the C 18 : particle size of the filler 5 μm, ID 4.6 mm x 250 mm, 121 polymer-coated type, Shiseido Co., Ltd., Tokyo, Japan), a CAPCELL PAK C 18 ACR (hereafter 122 referred to as the C 18 ACR: particle size of the filler 5 μm, ID 4.6 mm x 250 mm, 123 polymer-coated type, Shiseido), a Sunrise C 28 column (hereafter referred to as the C 28 : particle 124 size of the filler 5 μm, ID 4.6 mm x 250 mm, TMS end-capped type, ChromaNik Technologies 125
Inc., Osaka, Japan), and a DEVELOSIL C 30 -UG-5 C 30 column (hereafter referred to as the C 30 : 126 particle size of the filler 5 μm, ID 4.6 mm x 250 mm, end-capped type, Nomura Chemical Co. 127
Ltd., Aichi, Japan) were used. 128
The columns of group II were also tested under multiple elution conditions of eight 129 separation modes. Details are given in the Tables S2 and S3 . 130 A heating block system (Digi PREP, SCP Science Inc., Quebec, Canada) was used for 131 heat assisted extraction. 132 133
Calibration standards and reagents 134
The Japan Calibration Service System (JCSS) arsenic standard solution (ca. 1000 mg L -1 , 135
Kanto Chemical Co., Inc., Tokyo, Japan) was used as the source of the calibration standard 136 solution. It is produced by dissolving As 2 O 3 powder into HNO 3 solution and contains only 137
As(III). It did not actually contain detectable levels of any other arsenic species including 138
As(V) and was thus used as the As(III) source standard solution. 139
The certified reference materials of As(V) (NMIJ CRM 7912-a), the dimethylarsinic acid 140 (DMA) (NMIJ CRM 7913-a) and the arsenobetaine (AsB) (NMIJ CRM 7901-a) supplied by the 141 National Metrology Institute of Japan / National Institute of Advanced Industrial Science and 142
Technology (NMIJ/AIST, Tsukuba, Japan) were used as source standard solutions. 143
Source standard solutions of the other organoarsenic species such as monomethylarsonic 144 acid (MMA), trimethylarsine oxide (TMAO), tetramethylarsonium chloride (TeMA), and 145 arsenocholine bromide (AsC) were prepared from commercially available reagents 146 (Tri-Chemical Laboratories Inc., Yamanashi, Japan), after their purity was evaluated (moisture, 147 elemental analysis of C, H, O, Br and Cl, and arsenic impurities). Each compound was 148 dissolved in water to prepare an in-house standard solution containing ca. 1000 mg As kg -1
. 149
The acids and ammonia solutions used were of ultrapur ® grade (Kanto), and the organic 150 solvents used were of HPLC grade (Kanto). Ammonium dihydrogen phosphate and 151 diammonium hydrogen phosphate were of ultrapure grade (Kanto). Sodium 1-butanesulfonate 152 (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan), malonic acid (Wako Pure Chemical 153 Industries, Ltd., Osaka, Japan), and tetramethylammonium hydroxide (TMAH, Tama Chemicals 154
Co., Ltd., Kanagawa, Japan) were obtained as indicated. Ultra-pure water was generated with 155 a Milli Q-Labo filter (Nippon Millipore Ltd, Tokyo, Japan) and was used throughout. 156 157
Extraction procedure for arsenic species 158
Arsenic species in the rice flour samples were extracted by a heat-assisted technique using 159 acid solvent. A portion of rice flour sample (ca. 0.5 g) was accurately weighed into a 10 mL 160 glass tube and 2 g of extracting solvent were added. 
Conditions for simultaneous determination of inorganic arsenic species 175
Besides the columns categorized in group I, the columns in group II were also examined 176 with various types of eluent and at various pHs shown in supplementary material 1. However, 177 unsatisfactory results were obtained for simultaneous determination of inorganic arsenic species. 178 Therefore, the following discussion is limited to the experiments carried out using the columns 179
For chromatographic analysis of water-soluble arsenic species, pH of the eluent is one of shown in Figure 1 , where the chromatography was carried out with four different types of 187 columns. Increasing carbon chain length of the chromatographic support, the retention times 188 of As(III) and As(V) closed in each other, and they completely matched when C 28 and C 30 ODS 189 columns were used. However, when HNO 3 eluent was applied, the peaks tended to broaden 190 and peaks of inorganic arsenic overlap to that of organoarsenic species using C 28 and C 30 191 columns. On the other hand, As(III) and As(V) always eluted faster than the organoarsenic 192 species regardless of the carbon chain length of the columns applied. This is not surprising 193 since the interaction of these polar inorganic arsenic species would show less interaction with 194 the non-polar reverse phase. Tetramethylarsonium, the only cationic species under these 195 conditions eluted last among five compounds with the C 8 column, but faster than DMA with the 196 C 18 , C 28 and C 30 columns. This indicates that the C 8 column may have some ion exchange 197
properties. This suggestion is also supported by the fact that the anionic As(V) elutes before 198 the neutral As(III). In addition, the specific surface area of filler of C 8 is the biggest; therefore 199 the retention time of the first eluting species was slightly longer. In contrast, only C 18 was the 200 polymer-coated type column, and its specific surface area of filler was the smallest in the 201 columns; hence, the retention times of As species were faster than the other columns. However, 202
MMA and DMA were always separated even when using any columns in the group I. 203 Buffers and chelating agents are effective for suppressing peak tailings.
[28] A series of 204 eluents containing 1 to 5 mmol L -1 of diammonium hydrogen phosphate / 0.05 % methanol was 205 tested; the pH of the eluents was adjusted to 2.0 with HNO 3 . The eluents containing 206 diammonium hydrogen phosphate reduced the tailing of the peaks, and improved the separation 207 capacity. However, it also made As(III) and As(V) peaks split slightly from each other using 208 C 28 and C 30 columns. On the other hand, it was found that the eluent with lower pH was 209 effective to elute As(III) and As(V) coincidently. The ODS columns employed here are 210 usually used in pH range from 2 to 10, because the Si-C bond of the functional group will be 211 deteriorated at pH of lower than 2. Therefore, a column with high resistance to acidic 212 conditions was likely to prove valuable for simultaneous elution of As(III) and As(V). 213
A polymer-coated C 18 ACR column, which is stable at pH range of 1 to 10, was 214 investigated using the diammonium hydrogen phosphate buffer containing HNO 3 (pH 1.5～3.0) 215 7 As(III) and As(V) coincided completely (Table 1) , whereas the MMA, DMA and TeMA were 218 observed at the different retention times. TeMA eluted before all other possible arsenic species 219 (As(III) and As(V) and DMA, MMA) in rice grains using C 18 ARC column with the 220 diammonium hydrogen phosphate buffer containing HNO 3 (pH 1.5～2.0) / 0.05 % methanol. 221 As(III) and As(V) were determined simultaneously as total inorganic arsenic, and the 222 organoarsenic species were separated from the inorganic arsenic. This means that there is only 223 one integration necessary which shortens the SOP and may prevent errors in the routine lab. 224
Although previous methods have detected all inorganic arsenic in one peak, but a complete 225 oxidation of As(III) to As(V) was necessary prior to the analysis. The completeness of the 226 oxidation could often not been checked since As(III) was co-eluting with TeMA [25] . Our new 227 method prevents this ambiguity. In addition, the concentration of diammonium hydrogen 228 phosphate was not critical for the chromatographic separation under the operating conditions 229 tested here. 230
As an optimum experimental setups, the C 18 ACR column was selected and the eluent 231 
Monitoring time 236
With the object of developing a rapid monitoring method, the flow rate of the eluent was 237 investigated to achieve quick and effective separation of the inorganic arsenic from organic 238 arsenic species, using a C 18 ACR column (particle size 5 μm, ID 4.6 mm × 250 mm). The 239 inorganic arsenic were well separated from the organoarsenic species at the flow rate range from 240 0.75 to 1.0 mL min -1 , although the separation capacity slightly deteriorated at the flow rate more 241 than 1.1 mL min -1 , because the separation factor decrease with increasing the flow rate. 242 Therefore, taking into consideration of chromatographic resolution and measurement rapidity 243 for monitoring, the flow rate of the eluent was set at 1.0 mL min -1 , and then the measurement 244 time of HPLC-ICP-MS was 3 min. Each chromatogram of As(III), As(V), MMA, DMA and 245
TeMA at a flow rate of 1.0 mL min -1 are shown in Figure S2 . Since the actual separation of 246 inorganic arsenic from the other organoarsenicals takes only 1 minute with 2 minutes of void, 247 samples could be injected every minute. This was demonstrated by injecting 3 replicates of one 248 extract which was determined within 6 minutes (see Figure S3 ). This is a considerable 249 improvement in analysis time. 250 251
Organoarsenic compounds 252
Agricultural samples occasionally contain very little amounts of TMAO, TeMA, AsB, and 253 8 AsC, although MMA and DMA were major organoarsenic compounds in rice flour samples. 254 Therefore, the chromatographic characteristics of TMAO, AsB, and AsC under the operating 255 conditions established above were investigated. When C 18 ACR column was used, AsB was 256 eluted at the same retention time as MMA, DMA, TMAO and AsC were eluted at the same 257 retention time as TeMA. They were clearly separated from the inorganic arsenic. As the 258 results, the organic arsenic compounds, such as MMA, DMA, TMAO, TeMA, AsB and AsC 259 were well separated from inorganic arsenic. 260 261
Extraction of arsenic species from rice flour samples 262
A heat assisted technique was applied to the extraction of arsenic species from rice flour 263 samples. The extraction efficiency was investigated using the following four extraction 264 By the proposed method, the total inorganic arsenic is determined HPLC-ICP-MS 277 regardless of As(III) and As(V), since they are eluted at the same retention time using C 18 ACR 278 column in HPLC. The conversion of As(III) into As(V) is not strictly necessary in the method. 279
However, there are some reports that the detection performances of As(III) and As(V) by 280 ICP-OES and ICP-MS are slightly different each other under some operation conditions. 281 
Application 304
The proposed method using C 18 ACR was applied to the analysis of the CRMs (Figure 6) . 305
Analytical results of the inorganic arsenic were in good agreement with the certified values 306 (Table 3) . 307
The certified values of NMIJ CRM 7532-a are as follows; inorganic arsenic 0.298 ± 0.008 308 , and of MMA 0.0116 ± 0.0035 mg kg -1 as As (k=2). 313
The measurement precision for inorganic arsenic was around 3 %, even when the rice 314 flour containing inorganic arsenic was less than 0.1 mg kg -1 (5 ng g -1 As in a measurement 315 solution: 0.1 mg kg -1 × 0.5g / 10g). 316 317
Conclusions 318
A rapid monitoring method for inorganic arsenic in rice flour was achieved with 319 HPLC-ICP-MS using C 18 ACR ODS column. By the proposed method, As(III) and As(V) 320 were completely separated from organic arsenic compounds and eluted at the same 321 chromatographic retention times using simple component eluent, and thus they were detected as 322 the inorganic arsenic at a time. Therefore, it was possible to measure inorganic arsenic 323 selectively, easily and quickly. Moreover, the simple and dilute one component of the 324 chromatographic eluent substantially reduces the deterioration of analytical performances of 325 columns and a detector of HCPLC-ICP-MS. Prior to HPLC-ICP-MS determination, the heat 326 assisted extraction was applied to the extraction of arsenic compounds from rice flour. The 327 H 2 O 2 +HNO 3 extraction solvent can extract arsenic compounds efficiently and oxidize As(III) to 328
As(V) during the extraction process. It facilitates a reliable separation and determination of 329 arsenic species for HPCL-ICP-MS, since it hydrolyzed proteins in extraction solution. 330
The proposed method requires a single standard solution, As(V), for inorganic arsenic 331 determination, since the As(III) and As(V) are measured as a single peak of the total inorganic 332 arsenic and Almost all As(III) is oxidized to As(V) during the extraction process. Low 333 concentration levels of As(III) and As(V) in standard solutions sometimes interchange by 334 oxidation-reduction reactions and their detection sensitivities are sometimes different in 335 ICP-MS measurement. Those events can lead us to measurement errors when As(III) and 336
As(V) are determined. No error caused by As(III) -As(V) interchange can occur in the 337
proposed method. 338
The presented method was developed specifically for the rapid monitoring of inorganic 339 arsenic in rice flour. It is also useful for monitoring inorganic arsenic in other environmental 340 and food samples. The accurate evaluation methods might be necessary when the 341 concentration of inorganic arsenic in a sample is very close to the tolerance values. Table 2 Working efficiency for monitoring test of inorganic arsenic in rice flour samples. 480
Content
Step *For comparison study, typical column conditions were selected the particle size of filler 5 μm and the column size ID 4.6 mm × 250 mm. But, some columns are not on the market: therefore, the different size columns were controlled by its column pressure. 
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